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Abstract 
In this paper, the purpose of using AHP (Analytical Hierarchy Process) as a mathematical tool is to structure a multiple criterion 
problem in order to recommend a particular ice cream to the patient suffering from diabetes. Here, results of AHP are verified by 
considering different weights, ratios and by using MATLAB for the problem under consideration. 
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1 Introduction 
The analytical hierarchy process (AHP) is used as a technique for organizing and analysing complex problems by 
using mathematics and psychology. It can use both prejudiced individual judgments and objective assessment just 
by Eigen vector and examining the reliability of the assessment by Eigen valueThe combinations of individual 
performance indicator with one of key performance indicator is done in order to assign a different weight to each 
criterion or attribute. The process of AHP is mainly used to calculate weights. It considers ratios for paired 
comparison. The inputs for AHP are alternatives and criterions [18,9]. In this paper, three different types of ice 
cream viz., Breyers Homemade vanilla, Breyers vanilla and Ben and jerry butter pecan are considered as three 
different alternatives. The criterions considered for ice cream are Sugar, Proteins, Cholesterol and Dietary fiber 
which are attributes of an ice cream. This paper proposes a method for recommending a particular ice cream to a 
diabetic patient by developing a model based on AHP. The organization of this paper is viz., section 1 gives 
introductory details, section 2 gives details about the used methodology for analyzing problem under consideration, 
section 3 shows results for proposed analysis, section 4 contains conclusions, section 5 throws light on future work 
of this analysis and at the last in section 6 references used in this paper are listed. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2 Methodology used for analyzing problem under consideration (Level 0) 
The first step while developing a AHP model for a particular problem is to arrange its details in hierarchy as  while 
in figure 1, level 0 shows objective of  this analysis [2,12], [5,10] which is to recommend a particular ice cream to a 
diabetic patient. The next level i.e. level 1 shows different criterions cum attributes of an ice cream which are Sugar, 
Cholesterol, Dietary fiber and proteins.  The last level i.e. level 2 shows different types of ice cream like Breyers 
Homemade vanilla, Breyers vanilla and Ben and jerry butter pecan are considered. Here, patient details are not 
considered as a criterion because by separating those from details of ice cream analysis among them can be carried 
out easily. 
 
                                                               Fig .1 Hierarchical levels for analysing details about ice cream 
2.1 Methodology for Criterion (Level 1) 
The parameters of AHP like weight, Consistency Index (CI) and Ratio are calculated and these calculated values are 
verified by using different ways, which are explained, in the subsequent sections of this paper [3,11].  Initially, 
criterions for the ice cream are considered. 
 
Table 1: Matrix for calculating weight for each criterion of an ice cream 
 
 
Criteria                                Sugar                        Cholesterol                  Dietary fibre     Proteins  
 
 
Sugar 
 
Cholesterol 
 
Dietary fibre 
 
Proteins  
 
 
1 
 
1/3 
 
1/5 
 
1/7 
 
3 
 
1 
 
1/3 
 
1/5 
 
5 
 
3 
 
1 
 
1/3 
 
7 
 
5 
 
3 
 
1 
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The Eigen vector values are calculated from the above table 1, where sum of each column is considered and this 
sum is then divided by individual element followed by addition of rows to obtain further results.  
 
 
=         ¼              
 
 
 
 
 
 
 
 
 
= 
 
 
 
 
 
 
 
 
 
The above obtained values show weights for Sugar, Cholesterol, Dietary fibre and Proteins which are 55.78 %, 
26.33%, 12.18% and 5.6% respectively. These calculated results are then verified with AHP software (to make it 
more rational) as shown in following table 2.  
 
 Table 2: Results of AHP software showing resemblance with manual calculations for considered analysis 
 
 
Criteria                                                    Global Weight                                 Local Weight 
 
 
Ice cream Selection                                     100.00                                               100.00 
 
Sugar                                                            56.49                                                 56.49 
 
Cholesterol                                                   26.21                                                 26.21 
 
Dietary Fibre                                                11.76                                                 11.76 
 
Protein                                                          5.53                                                   5.53 
 
 
 
 
 
 
 
 
 
2.23141 
 
1.0532 
 
0.48742 
 
0.2275 
 
 
0.5578 
 
0.2633 
 
0.1218 
 
0.22752 
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The pie chart shown in figure 2 gives details about different criterions or attributes in terms of their proportion in an 
ice cream.  
 
 
 
Fig .2 Pie chart showing proportions for attributes in an ice cream 
 
The Eigen values (λmax) can be calculated for criterions mentioned in above matrix by using following formula.  
 
λmax = Column sum of 1st * weight of 1st column + Column sum of 2nd * weight of 2nd column + Column sum of       
             3rd * weight of 3rd + Column sum of 4th * weight of 4th column -------- (1) 
 
          = 1.67*0.557 + 4.533*0.2633 + 9.33*0.12 + 16*0.0568 
 
 λmax= 4.1754                 
 
These values can also be verified through MATLAB as shown in figure 3. The snippet in figure 3 shows the process  
For the same. 
 
 
                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Fig. 3 Use of MATLAB to verify AHP results for proposed analysis 
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The Consistency Index (CI) is the largest Eigen value and it is equal to the size of a comparison matrix which is 
considered initially, or λmax = n (size). Then, measurement of CI as a deviation or degree of consistency using the 
following formula is obtained. 
                                 CI  = λmax – n / n-1 ---------- (2) 
    CI  = 4.1754-4 / 4-1 
    CI  = 0.0584 
After obtaining CI, the next task is to use this index. This index can be used by comparing with its appropriate value. 
The appropriate CI is termed as Random Consistency Index (RI).  
Table 3: Values for RI 
 
n 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
 
7 
 
8 
 
9 
 
10 
 
RI 
 
0 
 
0 
 
0.58 
 
0.9 
 
1.12 
 
1.24 
 
1.32 
 
1.41 
 
1.45 
 
1.49 
 
      
For n (size of the matrix) = 4 and RI = 0.90 (obtained from table 3).  
 
The Consistency Ratio (CR) is calculated as  
 
CR   = CI / RI --------- (3) 
 
        = 0.0584/0.90 
 
        = 0.0649  
 
CR   = 6.49% 
 
The CR ratio must be under 10% so as to assume the chosen criterion as a good one. The obtained values of CR 
justify this condition. In the same way, calculation of weights for alternatives is done which are ice cream types as 
mentioned below.  
2.2. Methodology for Alternative (Level 2)  
1-Breyers Homemade vanilla --(X), 2-Breyers vanilla ---(Y) and 3-Ben and jerry butter pecan--(Z) 
Table 3: Matrix for calculating weights for alternatives which are ice cream types  
 
 
Alternatives                                       X                                                 Y                                         Z 
 
X                                                     1                                                      3                                           5 
Y                                                    1/3                                                    1                                           3 
 
Z                                                    1/5                                                    1/5                                        1 
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=     1/3 
 
 
   
 
 
= 
 
The weights of alternatives X, Y and Z are 63.33%, 26.04% and 10.61% respectively. The Eigen value (λmax) can 
be calculated by using equation 1 for table 3 as given below:  
 
λmax = Column sum of 1st * weight 1st column + Column sum of 𝑛𝑑  * weight 𝑛𝑑column + Column sum of 3rd *  
              weight 3rd column  
 
          = 0.6333*1.5333 + 0.2604*4.3333 + 0.1061*9 
 
 λmax= 3.0543 
These values can also be verified through MATLAB as shown in figure 4.  
 
 
 
 
1.8999 
 
0.7813 
 
0.3184 
 
0.6333 
 
0.2604 
 
0.1061 
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Fig. 4 Use of MATLAB to verify values for AHP alternatives 
 
By using equation 2 and 3 for table 3 for CI and CR. 
Consistency Index   (CI) = λmax - n / n-1 
             = 3.0543-3 / 3-1  
                                     (CI)  = 0.02716 
Consistency Ratio       (CR)  = CI / RI  
    
                         = 0.02716 / 0.58 
    
               = 0.0468 
    
               (CR)  = 4.68 % 
 
Again, this also shows that CR ratio is less than 10% and so, it can also be a good alternative choice. 
 
3 Analysis of results for proposed work 
 
  The obtained results are analyzed in two phase’s viz., through process of AHP and through mapping in MATLAB 
for an ice cream and a diabetic patient. 
 
3.1 Through process of AHP 
 
  
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 AHP results for contents in different ice cream 
 
The Figure 5 shows that Ben and jerry butter pecan has high level of Sugar, Cholesterol, Dietary fibre and Proteins. 
Similarly, Brayers vanillas contain high level of Sugar, Cholesterol than that of Brayers Homemade vanillas and the 
amount of Protein and Dietary fibre is same in both of these two types of ice creams. 
 
3.2 Analysis of diabetic patient details through MATLAB and its mapping with ice cream 
 
According to assumption made in section 2, a graph for diabetic patient as a function for given ice cream can be 
drawn and their results for the same are shown in that which is figure 6. 
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The weights calculated for diabetic patients are as given below: 
 
 
 
 
 
 
 
 
 
Similarly, the calculated weights for ice cream are as given below: 
     
            
     
        
 
 
 
 
 
The diabetic patient whose sugar level is 223 mg/dl is having a weight of 65.30% followed by patient whose sugar 
level is 210 mg/dl where the weight is 25.09% and in case of patient having sugar level of 193 mg/dl has a weight of 
9.60% and these values are mapped with the considered ice creams. This means that the weight for the alternative X 
is 63.33% with sugar level of 13mg/dl, for Y, it is 26.04% with sugar level of 15 mg/dl and for Z, it is 10.61% with 
sugar level of 18 mg/dl. In this way, mapping of ice cream with diabetic patient is done and results of their mapping 
are shown as an output through following figure 6 which obtained through MATLAB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 MATLAB results showing graph for mapping of a diabetic patient’s sugar level with sugar in the ice cream 
 
 
 
0.6530 
 
0.2590 
 
0.0960 
 
0.6333 
 
0.2604 
 
0.1061 
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The above graph in figure 6 for sugar level of a diabetic patient versus sugar content in the ice cream shows that a 
patient whose blood sugar level is 223 mg/dl can consume Brayers Homemade vanillas containing13 mg/dl of 
Sugar, a patient with blood sugar level of 210 mg/dl can consume Brayers vanilla containing15 mg/dl of Sugar and 
lastly, a patient with blood sugar level of 193 mg/dl can consume Ben and jerry butter pecan containing 18 mg/dl of 
Sugar.  
 
4. Conclusions 
 
The obtained results show a proper usage of AHP in order to recommend a particular ice cream to the diabetic 
patient. The obtained results through AHP show that Ben and jerry butter pecan is enriched with all four criterions 
followed by Brayers vanilla and then Brayers Homemade vanilla. These results also are verified through MATLAB 
which shows that patient having a high sugar level of 223 mg/dl can consume an ice cream lower sugar content ice 
cream like Brayers homemade vanilla, also patient with low sugar level of 193 mg/dl can consume high sugar 
content ice cream like Ben and jerry butter pecan. In this paper, verification of results for proposed analysis are 
carried out through AHP and through MATLAB and they are found to be analogues to each other. 
 
 
5. Future Work 
 
The obtained results from AHP model for the problem under consideration can also be compared with clusters of ice 
cream and with clusters for diabetic patients in order to achieve precise validations and verifications to predict 
suitability of a particular ice cream for a diabetic patient. 
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